(19) 




IJAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 09023031 A 

(43) Date of publication of application: 21.01.97 



(51) Intel 



H01L 43/08 
C23C 14/14 
G01B 7/00 
G01D 5/18 
G01R 33/09 
G11B 5/39 
HOI F 10/26 
HOI L 43/10 



(21) Application number: 07172590 

(22) Date of filing: 07.07.95 



(71) Applicant: 

(72) Inventor: 



ALPS ELECTRIC CO LTD 

HASEGAWA NAOYA 
MAKINO TERUHIRO 



(54) MAGNETORESISTANCE EFFECT 
MULTILAYERED FILM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance effect multilayered film from which a 
high MR ratio can be obtained by constituting the 
multilayered film in a laminated structure so that such 
a multilayered structure of magnetic layers that can not 
be obtained in the conventional structure can be 
realized and the heat resistance can be improved by 
constituting the film in a structure in which crystal 
grains hardly become larger. 

SOLUTION: A magnetoresistance effect multilayer film is 
constituted by alternately piling up ferromagnetic 
layers 32 and nonmagnetic layers 31 upon another. Each 
ferromagnetic layer 32 is composed of a soft magnetic 
film having a composition of (Co, Fe, Ni)-M-(C, N) and, 
in the layer 32, (Co, Fe, Ni) crystal grains 32a having 
an average grain size of ^20nm are separated from the 
carbide or nitride of an element M. The element M 
represents one or two kinds of elements selected from 
among Ti, Zr, Hf, V, Nb, Ta, Mo, and W. 
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¥J^j|§B^sfe@2 0 n mJ':JlTc9 (C o ,F e ,N 

^MU. Ti. Zr. Hf. V. Nb. Ta, Mo> W 
09^. 1 at 7^1*2 ^Jiil±^^'ro 
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mx\i. Fe. Co> NiO^^. 1 !t t 2 SJiJl± 
«-^L. TC^Mfi. Ti. Zr> Hf. V. Nb. T 
a> Mo. WO^^, lS^;^c»*2aJ.:il±«:^L. tc^ 
Zl±. C. NO^^, 1 at T^jli 2S«:^-f o 

mmo fztzLmuTtmx^t^ Fe. co, Nico^^. 

imttz\±2WLi:X±i7^L^ 7n*MJi. T i . Z r, H 

f. V. Nb> Ta. Mo. W<Do^. lUt^zUZm 

'S' ^ ^ r-nji ^ tL T m^m,ijm^^mm.x- 

i^^ta^a^K:^2 0 nmJ^Tc^TU^XcO^e^BJ^i. TC^Mc^ 

>2>ig|^^5i:^*#^^o /cT^iLmiSTC^XJi. Fe. C 
o. Nic7)9*>, l®t7tti2ai^±^^L. TC^M 
li> Ti. Zr. Hf. V. Nb. Ta. Mo. W<^) ^ 

Xl00-a>b Ma Z b 

wC:-c^^i:ba.b{iJ!F.T-%-C. 0.5<a<8. 0.5^b 
1^5^^ 7 1 M^J:l:a.b;6W.^%r% l^a^6. 0. 

5^b^ 7 y^^m^^m&^i>zt^s^mti'^m^M 
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[0 0 0 1 1 
[0 0 0 21 

^SJti (MR) ^^Unt LT, N i -F e^±mm 

IS] ± ^ S V Mi iES^ -fe > *5 » t ^ a ^fl^ tgft -f- * 

[0 0 0 3] tz^b-v^iS:^. m±m^^^^W:tm^ti 
*3S*>5«. F e/C r^5:«Jgjm^S^/W±C o/C u5£ 

^^jl^tziJV^-Cti. F e^C o^i:';d-e>^S:;&#3I«S14^ 
20 Jl^(7>«J^b75«C r^C u 55:2^75- ioJ5:S*IStt^Jl® =^ ifr 

[0 0 0 4 1 mie(7>^^tn:fcv^-c. ^^^^m^±mm(Dm 

[0 0 0 5 1 Li)^L^^i)^h. w ti ^7?#^Mtci3 v^T 
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[ 0 0 0 6 1 zco?.^m'km^'ti>tztbiz\t. ^mn^m 

[0 0 0 7 1 m9\t. mm¥ e - e 0 3 3 e ^</kmzm 

^^fix^^^:i>z<Dm(Dt^m^jBmL/zm^(om^^i^'t 

^A\t. ^^m^<DmuifiZ^ mi<Dmiim2 tf^mi^:^ 

^^mi±m 5\izx ^m^&b^^m^t^z x n ix^ t 
ti^\,z^ mi (Dm^m 2 (r>mit(Dn^ c mm^i)^ 
^ v>B#ti^ 2 <Dm^m 4 <Dmt(D\^%^ b \,zn l rit:^ 

I&J It C t±S5g$ n^: v^<^r-^^gil^JC J: ^ mmx 

n ec^oTv^^o HI 9 \^Z7r:irm'^\zn "Lxmwm^h ^ 

^M-t^t^ t\imm,^h<D:^mzm^\:.xmio:>^\km2 
<Dmit<r>ntct<^M^tW(D^<mm^^(r>X'. mi(o 

mi±m2 tm2co^^^m4 t<Dmxmi\:{zf^j^^t'^\:. 

i,CtK^j::htzibitZ. 1&tjimtl!)^^Z '0 ^ ^fi\fZX^m 

[0 0 0 8 1 ^t^. '-':^<Dm^m<7)m^\:<Dm%'^m^ 
^t^^y'^comiDmt LT. m i o t-^-r j: ^ t-, 

6±tIN i OOR5^flS14;S 7 N i -F e 8 

c yx <D^mi±^mJB 9 N i -F e <r>mi±m 1 0 
c \x <o^m^±mm i 1 n i -f e (om^m i 

[0 0 0 9 1 C<0^0«iItC:fcv^Tti. S5^fiSittJi 7 . 
1 3t:J: ^-5-ttt^{c|^^-f^5ltfii14^S^8. I 2 com 

m.^±mm9^ i i^^Lxmtfitz^mf:t±mmi o 
(omih^^^^mmzm \:.x\Mm^m^zm^^iixx^^^o 

0 9*^^/^*111 Okz^i-mm<r>m^tS:tn.'^>'^X'^h 

m^b^j:mm^(o^'itKnLxm^mm.t>^A t 

[0 0 101 
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^vMi^l 0(C^f ffiit<^«t^^®fiL-t>^?-liF eMnCO 
±T<7>F eMn t N i 0<7)S5^#ttji 7. 1 3 r 

^fi^(^m(D^kmi±±mms. i 2 (T^m^ft^^rs^EL. ^ 
tih(r>m(Dm^m I o<Dm^t^^^f^zi-;i>m^x^^<D 

ID eMnii. m'kiiisxtmmmm<7>mi:f^h^xyf^m^£r^ 

[001 11 ^tr, iM 9 ^ n 1 0 (iZ^i'm7M<^mi%mm 
-ty-^omifm^^m^mtLx. mi iiiz^rxoiz. 
i7'^ 7.mui 5±itz^ c n (r>^mi±m I 6 1 c o <r>^w 
mi±m^m 1 7 tc u (o^m^m 1 8 1 n 1 -f e ^^it 
nm^ummi 9^ffiS:iif^^igLJmiiL^jm3t;&^5s]^ 
tix^^^o mi 1 ti^i-^t^com^»ift-t mn 
mm^f^mi 1 hm.'^m.'^Vi^wki 9 (D^m.tim-^nm 

g^£S1^^1 8coJ[?$^r^^O/l$^(cPS1-^Ci: 
20 "r> m^'^mi 7. 1 9 (TJfiSE-fbcoi^^ =J-¥^ttcab.&vMi 

^%:^:zht^Xh^o ^ LT ^<D^3tOM^^£^n:-tr>'-t^ 
»i, ii^a:«:e*i^a^M-e§-&o-c. 119 tmi otc^ 

t^X%, ^>^^t^ih^o 

[0 0 121 --n. \^<om^A<r>m^w^^y^}i ur, 
n 1 2 i;^i-<t ^ tc. o<7)±tr, c Mco^m^^m 

m2ltZ oC05ij^i4Jl2 2 ^-^Str^i^igtH® Lt^c 

30 ^fz}f^\z^ Z\x(oi;^w^m%^mm.^^^h\zx^x^ 
m^mm\zm <m.^m^'^'K.\'^Wi^mm.\z^^-hiL^t^ts: 

MTit ^o-eil9 1 0 Jc^-t^ii^^iK^-fe^Hf J: 0 

n 1 2 t;:^-t-«iitc*>«y^T, im.^m 2 2 ^m^-f ^it 

^i:LT. Co«^ft^Ofr;. C o-F e^^abioMiC 

o~F e-N i ^^^ffli/^;z,mit<j^«bn,Tv^;S,o 
[0 0 131 m 2 {C^-r^iicoa^ffitrt-b 

K ^ ^ ill- ^ {c -E^^ ;t tmMm m7L\^mm(n mY.^ 

=S:^fl^-f^C o^F e:d*. C u i: « 5fSiHllSl * ^ :t i6 

ic. i^iau^jD^^ttr ^>?l^''b^-v^;i>«, ia^^cj:'o#l 

inciig, <>cot^^$it^o Hi 3(c^-J- 

50 J: d C u O^SSI&.I 2 1 h C 0 <r>^m!^m 2 2 ;6*m^ 
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^ o 

i)f^hc tfz. m^mt LT. C o t N i -F e 

^<mm<7)^n^m^^x'^^^fzi6iz^ f^iii^^c^^tt^ 
[0 0 15] ^^mtm^mmt.zm^x/k^fitzh<Dx 20 

$>^. 1119 ^-SvMim 1 0\,Z^t^^m^XUX^i'^:fy- 

mzi^ii^-^fzmM-^m^M^mm^m^^i- ^ ^ > ^ g 

[00161 

iEi5iM^p^i-s;^c*:>t::. ^mi^m tt^mi^m t^^^:§L 
X. mm^^m\±mt^. x-m-z 

mx$)^. ^(Dmm.nm7b^. ¥i^^a^^S2 0 nmJilT 

^m^fiX^j:^i><DX^^o fzfILm^7i:mX\t. F 

e, Co, NiC09*>, /^Ii2aj^±$-^L. 7n 
^Mti. Ti. Zr. Hf. V. Nb. Ta. Mo. W 

imtfz\±2mi^j.±^7r^L. jtmz^t. C, N 

mmmmtrm^i-z^tzi^iz^ wm^m^m/^x^^mtf 

m^mt^^.mitimi^m:^^^\fhfifzm^zL->y vmi)^ 40 
^Sc^/i^H-c^*). ^ie^^^fi£;tje5'a;i7«)*. x-m-z 

^T'&^^^^L. ¥:t5j^H^H«S:^2 0 nmJ.JLTC07C^X<;) 
'So tzflLt^mTtrnx^t^ Fe. Co. Ni<7>d*). 1 

mttz\t2mi:k±^^L. ycmu\t. T i . Z r . H 

f. V. Nb. Ta. Mo> Wct^^^d. ia^?'^Ji2@ 
J^il±^^L, TC^Zii. C. NC09*>> lS^/'^Ji2li 

[0 0 171 i9^]S3ie^O*?giiHuI5I*S$:^S¥tfci-^ 50 
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mt^ m^h(D\^^i!)^i^miz^titz^ikm^mt^'^ ^mi± 

T. t{imm^ho\^^i)^B^\z^titz^i^mi±mtK x-m- 
z^;5>ja^2)-<b^-&fef^sa;^^StiJ3^r-^i9. cnco^^is 
ijmi^mit^. ^i&}^^B^m2 O nrnJ^TOTC^XOl^B^a 
ytmM<7y^imtfz\tmimtK^m^fiX^j:^ 
ii^X^^o tzfzLmmy€mx\±. F e. Co. N i CO 
o-ib imttz\t2 m^l±'^^ U, TU^Mti. T i . Z 
r. Hf. V. Nb. Ta. Mo. W(7>o^. imtfz 
\t2m\^l±^^L^ TC^Zli. C. Nc7)9^. 1@^7^^ 
U2®=$:^i-o iil^^4^m^7)^qg^*. 7U^X<7?^B«ag: 
c:<?5S^BS<^«[:^:<t«:^Jh-r^7n^MOj^fl: 

[0 0 18] m^m5^m<^^mt. m^m2fiz^m<^ 

XlO 0 -a-b Ma Z b 

^ZX&&]ta,bi±miF'%X, 0.5^a^8. 0.5^b 

^m\t. m^y^6U^(^m.^ttaMmj'%x I 

[0 0 191 

[^^C7)||MC0f^^l 

m^-h^j:^. ^mi^m^K X-M-Z. 10^. Co (C 
o .F e .N i ) -M- CC ,N) <7)m^^mi- ^^m^^ 

T^O. :^<0^mi^m:tK ¥±^I^B^B&^2 0 nmmTtO 
(C o .F e .N i ) OSS^et. TC^MO^fki^f /cl* 

V > T ^ ^ <7) 5t a 14 ^ 7& ^ ^ ^ ^ m fc <75 § ^ ^ ^ t c ?:t 

A:. X-M-Z. fiP^. (Co.Fe.Ni) -M- (C . 
»i^fki^55^ (Co.Fe.Ni) (D^^B^mimzmih 

L. co$gB^Bfi<^5ia:t<k^^$iJ't>2><75-e, ^> 5:^ 

[0 0 2 0 1 ^mi^m^tm/ux^i^mtjmii^mt^^^ 

:^iS14®:6*IS:tt'btL. ffiL«IS:^iiSf4^;5*, (C o .F e . 

N i ) -M- (c .N) ^^ffl^^^t. ^m^^B'J^m2 

0 nmllT<0 (Co.Fe.Ni) <D^^Bm.t7tmM<0^ 

imtf::\tmimti,z'$^m^tLx^^^. -^m^m^mttm 
i^m^^. (Co.Fe.Ni) nj-h^^^t . ^m^m^m 
A.xi^\i^ti:h^^mt}m^mtM^m^mi±mii)^ (c 

o .F e .N i ) -M- (C .N) (C o . 

Fe.Ni) <om<Ot'ir>ht^X$>^ . ^•tbh\zi&\.^X i> 
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im\t. (co.Fe.Nt) (D^^&(r>m.i^it^nm\^ 

(C 0 ,F e ,N i ) -M- (C ,N) ^ ^^SSco^fiSlliM 
■C*) 1} , C <DW:^^mi)\ ¥±^ISSe^ 2 0 n m]^Xr<D 
(C o .F e .N i ) (D^^H^tt^ icmU(D^i\:mttz\t 

[0 0 2 2 1 ^15 (C o .F e ,N i ) (Dm^m^(^^^ 

¥u^om.±ittmm^ix^o m,i,z^ (c o .f e ,n i ) 

tix^£^m^x'$>ht. ^mi^m<7)mf^ycm:^^mm^^B 
^^^mz^mLx^mtji)'-mt tztsL. ^^mt) 

\zwizm^<r>^^&^^j:^x. mmxBmm'F^D^kf:^^ 

1 0 0 2 3 ] 'AK. X-M'-Z ^j: i>m^<7>m<O^X h . X 
3a^^a,btiIE^%T, 0,5<a^8x 0.5^b 

mz^ftfzm^^m^tmhfy-^o ttz^ ttrias^Jta.b 

i)m^%X. l^a^6, 0 .5^b^ 7^;S»ll5^^tiS5J£ 
[0 0 2 4 1 J^T. mm^^J^.LXT^^MK^^^XM^Z 

wmi^z^mt^o mi^t:^^miz^>^mi^i^m.m^0^m 
i^<omiji^mm^^-ti><DX'. z(Dm<r>m^iS:^m^0^ 

[ 0 0 2 5 ] ^HE^^3 0(i. ify:^. Si. A I 
2 0,.TiC. SiC.Al,0,i:Ti Qt(D^^^. 

ft&o 35:^3, 0<^±ffifr::»i. ^^R±®(?)IHl£!i^ ^ 
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S^-iS±^JtT*>^'y^o ^i5. HI 1 tc^i-M-CJi^S'KS 
0 l^(il^l^^^3 1 t^jioX\f^^tK ?^^ES 

tiii3 2 ^r^l^t Lt:^^v^<, ^lei^MI^^S 1 ti, 
Cu> Au. Aff. R u^:ifU>«:^;^tt-5>^.mtt#;>!>-ib 

1 0 5 0 A^i?^t^f^^StHrv^;&o -ci-cg^ 
m^m z i(r>m^i)^i ^ kx^ w^^ t . wm^m 3 i o 

xt->>KSt5ri5L^-^r(c*mttii3 1 ^^rilig.'t^SlI^ 

[ 0 0 2 6 ] ^I55^mti^ 3 2 ti. X-M-Z ^^-^^^^^ <b 
. »tU<ti. Xioo.,-bM. Z, 

e> Co. N i lat >::»i2SJil±*^L. tc 

^Mti, Ti, Zr. Hf. V, Nb, Ta, Mo.W 
<^)9^. imtfz\t2m^:k±^^L. TC^ZIi. C. N 
20 <?5d*>. IS* )tli2a[*^L, jB*Jta.b«±. 

o.o^a^s. 0 .o^b^ I 0 ^j:^m^^^m^'r^ 

M*W.^%X. l^a^6. 0 .o^b^l ^j:^m^^WiM. 

t^o ^immi^tfz\t^i\:^^^i)^-^-t^^ 
m^coi5:^L7J^ {m'km'^t&^m^\z^^l.fJ:^.^x\^>m 

mLtz^^^^^<Dmm^t^%^^n^ f\^^^'^^(oxif^ 

[0 0 2 7 1 Itf IS 605^1^14^ 3 2 HI K7s^i-X d 
hZ, (C o .F e .N i ) ^O^B^SS 2 a iiCco^e^S 

3 2 a (Dl&mz^ti!,^ fifz7cmM<D^^m^ :h'.^\t^it 

2 bT^-^^j:^mmi:^Lxis o . m 

lafeSfe 3 2a Iti^m 2 0 n m^li[J^TO|gfc*ffl35: 

t . TU^M (Ti. Zr. Hf. V. N 

b. Ta> Mo. W) ^^tfCt. Mtcfi. 7C^M<7)^ 
<htl;&*#:&LTV^^C t U J:oTC o , Fe. N i 

*ti^tci5ttSj0t'ft:1^co^^li^i§^^^MSgfcM (TE 
M) X^^\zm^'t^Ztib^X^i>o 
[ 0 0 2 8 ] ttzj jtmMtC't^i^zmu^'\t:h jc 

mu t c \ut^^^ L X 7cmM<D ^it^ t n . zfic:> 

50 K^^i'^mm'^^^W^fh Ctt^it^ma^-^j:'^'^^ 
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[0 0 2 9 ) HI \z7r:'tm^(om^^tfL^M0^mmE ^ 

X. M^WLZm^^^'^y ^^m.. DC:^^^y^. 

^-yy h t LXC oab^>VMiN i -F e -C 

[0 0 3 01 t/::. c^m^iizmi)ni'i>y5f^tLx\i. 

^-yy VW.±.\zr^ y r V<D^\^y h^gSMLT^ 
^9-Yy}^bL. Cti^:^/^y ^-t^yjm. ^^vwi 
C ^^iJ^^^i^'-r-y h ^/Bv^. A r ^<^^?S1±:^X4^ 

y ^'r^^J^'^i±:^^-<y ^m^i:m'^^i>^ ti)^X^ . Z<n 

Kmi±:^^<y ^i^x\±m^cr)cmm<^mmi)^^^x$>:^ 

^^^fi^ 3 0 0 - 5 0 0 t:jcM^-r^c: iiT-frd - ^ 

2' =$:^B^H<kLT5i^S^^3 2 «:?g^L, HI 1 tr^-f^S 

[0 0 3 1 1 mia^i^^SB^tCiJV^T^B^HSil 3 2' K 
*oTJ±. (C o .F e ,N i ) ^(T^^g^lHJSr^B^afi 3 2 a 

i^(j^^aitc J: i9i^B^3&3 2 a (Dm.i<^ttmm^ fi^ 

B^tr. ^^BSti;i 3 2 CCP^-t^^iBSIlJi 3 1 cr)^B^B«[<!9 

mx^^fzibK. mi 3 tmi 4. ^miz^(,zm.mLfzx 
o^*fisi4)i2i' t^mi^m2 2' <7>&^^t:mm't 
^zt:d'x^. ;ifiKxy) . ^m^m 2 t ^m^m 
22* (o^mu^kz±^^j:m{bibm&^fixmmmik'^^ 
mfi^zt^f^±x^^o 

[0 0 3 2 1 mi t-^i-ftit^OSSE^Strta^^-^fl^E IZ 
*>oTf±. ^Umi§i)^0<D^mx\m3{Z^^i^J:oizW 

mi±m3 ii:mA.x±Ti,zmm-ti>^mi±m3 2. 32 

fix±T<o^mi^m3 2. 3 2<r>mit(7>\^^7f)^^ffKm 
^x^fizfj:^^ :z<7^^K9\'^m^(o^y)rj:\^{zmm^^ 



C6) 9 - 2 3 0 3 1 

10 

•c. miiZi^^-dii^mLtzt-wit^^^m-r^^tt^x^ 

[0 0 3 3 ] ^LT, Mmm^<Dm^t&m,^^^mmE 
(D^mi^m 3 2u. mi 2 liZ^^^i^^mm^xm^^tzc o 

(^^m^m2 2 if) nm:^--r-(7?$&B^3&=Sr^ 

^ ')izm^mLxm^'r^<^x^ mmmz^fi^ ]sux 

-f-<30±TirlS:Jt<blt-5>5^mte^3 2»i. |BIi:Co=S:±^ 

3 1 (o^rnxm^m^^miMiiZ^^-t ^t^ti^ 

[ 0 0 3 4 ] lii 5 \t^^mz^:k>mi^^'^^^0rmw.<D 
Fti. ^w^^(r>^m.^ o±tc. ■^^m^m.'^m^ 1 ^ 

y h 4 4i)^ *«Sti^4 5 t^frLT^S^H^ixTfll^ 

[0 0 3 5 1 ttrfB^^4 0 li, 5fetCi^^L7t:ll 1 
<^^1g3 0 hWim<r>i^Pcii-hm^^^X\.^'h^ ^le^^E 
ti;i4 2i5 J;C/4 5.ii:. Cu. Au. Ag. R u 4^ 
ft^$*t;5>#^m^^5*:;)-ib^ 1 0 5 0 A<^JP$^tcB 
^^tLTv^^o :i--e#jK^^4 2^5J:Cf4 5co;¥$;^* 
30 1 0 AJ: ^ati^4 2^J:t/4 SOti'v^^- 

jv^^iiLT^^i^fe^ \^tm^mzm.^<^tgii}^ox 

/S4 2i3J:0'4 5 l:53^^-f &^«m^;&*# < 0 ^ 

m^:hn^tm7LX\AR^ii^^-r'f^(oxnt. l < ^5: 

[0 0 3 6 ] ^iW^^^tiW^m 4 1 Ji. 1 
^-Cfflu>}r^5^mi4g3 2(?D^^7n^;d^^>. TC^MtC* 

40 o .F e .N i ) .^<7)^0^aj^4 1 a ^^^b^^^o CK^^s^^i^ 
4 1 a %(Dm 1 3 2 O^Sb^sI: 3 2 

atti^Jt*?, J^Ml*I«ci3ft^¥i^lSB^HliS:S;d^2 0 nm 
iit±i:^ ^)afeB1l<t:$:K.-Cv^4^l.^^o-c. 

4 1 \t^nm,^mtti::ho 

[ 0 0 3 7 ] ^feii:(^jS;(Jiati/l 4 3 5feco^ 1 f^.l^ 
^r'ffli/^;?t5ijgJ14® 3 2hnm<r>i^Pti>-^mWL^iXX'^^ 
fiP^. 'fe(^flS:;bl^^^li4 3I±. X-M-Z^(0#:j^f4 
-eoiafi£i: LT. Xioo-..b M. Zb 4- 

CCt^ltiBTClKXti. Fe. C 
50 o.Ni<7)9*>. lSf/::li2ej^±$:^L. TC^M 
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